MEDICAL CLINICAL RESEARCH

SCIENCE

* e-ISSN 1643-3750

MON TOR © Med Sci Monit, 2014; 20: 1833-1840

DOI: 10.12659/MSM.890981

e Sorsoens Influence of Spinal and General Anesthesia on

Published: 2014.10.06 4 H
the Metabolic, Hormonal, and Hemodynamic
Response in Elective Surgical Patients

Authors’ Contribution: ABDEF Snezana B. Milosavljevic 1 Department of Surgery, General Hospital, Kosovska Mitrovica, Serbia
Study Design A ADEF Aleksandar P. Pavlovic 2 Department of Surgery, Medical Faculty, Universty of Pristina, Kosovska Mitrovica,
Data Collection B Serbia

Statistical Analysis C

Data Interpretation D CDE

Manuscript Preparation E DEF
Literature Search F
Funds Collection G

Aleksandra N. Ili¢ Kosovska Mitrovica, Serbia

1
2
ADEF 2 Sladjana V. TrpkOVIC 3 Department of Preventive Medicine, Medical Faculty, University of Pristina,
3
4 Ana D. Sekulic 4 Department of Anesthesiology, CHC “Bezanijska Kosa”, Belgrade, Serbia

Corresponding Author: Aleksandar Pavlovic, e-mail: leonidas@ptt.rs
Source of support: Departmental source

Background: The aim of the study was to determine the significance of spinal anesthesia in the suppression of the meta-
bolic, hormonal, and hemodynamic response to surgical stress in elective surgical patients compared to gen-
eral anesthesia.

Material/Methods: The study was clinical, prospective, and controlled and it involved 2 groups of patients (the spinal and the gen-
eral anesthesia group) who underwent the same surgery. We monitored the metabolic and hormonal response
to perioperative stress based on serum cortisol level and glycemia. We also examined how the different tech-
niques of anesthesia affect these hemodynamic parameters: systolic arterial pressure (AP), diastolic AP, heart
rate (HR), and arterial oxygen saturation (SpO,). These parameters were measured before induction on anes-
thesia (T1), 30 min after the surgical incisions (T2), 1 h postoperatively (T3) and 24 h after surgery (T4).

Results: Serum cortisol levels were significantly higher in the general anesthesia group compared to the spinal anes-
thesia group (p<0.01). Glycemia was significantly higher in the general anesthesia group (p<0.05). There was
a statistically significant, positive correlation between serum cortisol levels and glycemia at all times observed
(p<0.01). Systolic and diastolic AP did not differ significantly between the groups (p=0.191, p=0.101). The HR
was significantly higher in the general anesthesia group (p<0.01). SpO, values did not differ significantly be-
tween the groups (p=0.081).

Conclusions: Based on metabolic, hormonal, and hemodynamic responses, spinal anesthesia proved more effective than
general anesthesia in suppressing stress response in elective surgical patients.
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Background

The system response to surgical trauma includes activation
of the sympathetic nervous system, the endocrine “stress
response”, and immunological and hematological changes
[1].Various kinds of stress cause an increase in the secre-
tion of ACTH from the adenohypophysis, and (within a few
minutes) an increase in secretion of cortisol from the adre-
nal cortex [2,3]. Cortisol is considered to be a hormone sig-
nificant in stress. Many different, non-specific stimuli can
cause a noticeable increase in secretion of cortisol from the
adrenal cortex (e.g., trauma, surgery, infection, strong heat
or cold, and almost any debilitating disease). Generally, the
level and duration of increase in intra-and postoperative con-
centrations of cortisol are in proportion with the degree of
surgical trauma [4,5].

The etiology of hyperglycemia in stress is multi-factorial, but
is thought primarily to be the result of activation of the sym-
pathoadrenal system, with contributions from the hypothal-
amus and adenohypophysis. The stress response triggers an
increase in levels of plasma catecholamines and glucocorti-
coids, which in turn lead to hyperglycemia. Cortisol also has
a huge impact on the glucose metabolism in stress, because
by increasing glycogenolysis and glucogenesis it can lead to
hyperglycemia [6,7].

Clinical implications of stress response involve hypertension,
tachycardia, arrhythmia, myocardial ischemia, protein catab-
olism, suppression of the immune response, and loss of the
excretory renal function with retention of electrolytes and wa-
ter. Stress response is a significant risk factor for an unsat-
isfactory outcome in patients with cardiovascular disease, in
patients with known endocrine, metabolic and immune disor-
ders, as well as in patients with infection and immunosuppres-
sion. Thus, the reduction and modulation of stress response
during the operation can significantly reduce the incidence of
post-operative complications and morbidity [8,9].

The choice of anesthesia technique depends on the surgical
disease, the general condition of the patient, the level and ex-
tent of the surgical operation, as well as the availability of re-
sources required for anesthesia. Many surgical procedures can
be done under spinal anesthesia, which has been used in clin-
ical practice for more than a hundred years. The advantages
of regional anesthesia over general anesthesia are document-
ed in many studies (e.g., inhibition of metabolic and hormonal
responses to stress, reducing the incidence of post-operative
pain, speeding peristalsis after abdominal operations, reduc-
ing the incidence of deep vein thrombosis, and shorter hospi-
tal stay). Unfortunately, it cannot always be applied. The po-
tential lack of regional anesthesia is that its limited duration
has an impact on the management of surgery [10,11].
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The advantages of general anesthesia are its simple and easy
method of application, rapid sedation of the patient, and increased
comfort of surgeons and anesthesiologists when the surgery has
to last longer. The disadvantages of general anesthesia are poor
control of anesthetics (depends on the individual ability of the
organism to degrade and eliminate them) and postoperative ad-
verse effects (e.g., sickness, nausea, vomiting, and pain) [10,12].

The aim of the study was to determine the significance of spi-
nal anesthesia in suppressing the metabolic, hormonal, and
hemodynamic response to surgical stress during and after
elective operations in abdominal, urological, and orthopedics
surgery compared with the technique of general anesthesia.

To monitor the metabolic and hormonal responses to stress,
we measured the serum cortisol levels and glycemia, which
are most easily detectable and are closely correlated with the
intensity of stress.

The secondary objective was to investigate the suppression
of the adrenergic response by monitoring hemodynamic pa-
rameters: systolic and diastolic arterial pressure (AP) and
heart rate (HR).

Material and Methods

The research was conducted at the Kosovska Mitrovica Health
Center from September 2013 to March 2014. The prospective,
controlled clinical study included 75 patients aged 18 to 85
years. The patients were divided into 2 groups, depending on
the anesthetic technique. In the spinal anesthesia group there
were 38 patients and in the general anesthesia group were 37
patients undergoing the same surgical procedure. Depending
on the performed surgical procedure, patients were classi-
fied into several subgroups: general surgery (herniotomy and
thrombosaphenectomy), orthopedics (osteosynthesis), and
urology (prostatectomy).

The choice of anesthesia technique was made by the anes-
thesiologist, based on preanesthetic parameters (clinical ex-
amination of the patient, laboratory analysis), the type of sur-
gery, and on the patient’s preference.

To assess the operational risk, we used a classification adopted
by the American Society of Anesthesiologists (ASA). The study
included patients of ASA 1 (patients with no organic pathology
or patients in whom the pathological process is localized and
does not cause any systemic disturbance or abnormality; ex-
cludes very young and very old patients) and ASA 2 (patients
with no functional limitations, with well-controlled disease of
1 body system). The study did not include patients with se-
vere and extreme systemic disorders (ASA 3-6).
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Table 1. Demographic and general characteristics of the patients.
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LETETE General anesthesia Spinal anesthesia

Number of patient n (%)

Male

S Exg () I S
Female
ASA 1

ARDED e
ASA 2

Comorbidity n (%)

Type of surgery

Prostatectomia

37 (49.3%) 38 (50.7%)

53.8+18.7 61.0+15.4 p=0.071
8274207 7764216 p=0304
"""""""" 27 73%) 36 047%)
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr p=0.01*

10 (27%) 2 (53%)
"""""""" 18 @86%) 16 @421%)
——————————————————————————————————————————————————————————————————— p=0.569

19 (51.4%) 22 (57.9%)
"""""""" 18 @86%) 16 @4721%)
- 15 @os%) 11 423%)
- 2 Gaw 7 (184%
o o 0% 1 @6%)
- 1oerw 1 @6%)
- 1 oerw 2 (3%
"""""""" 23 622% 23 605%)
- 7 (189% 7 (184%
I 4 qosw 1 @6%)
- 3@1% 7 (184%

n — number; SD — standard deviation; * statistical significance.

Serum cortisol levels were measured using the Eleksys 2010
chemiluminescence apparatus and glycemia was measured on
the Hitachi 902 biochemical analyzer in the laboratory of the
Kosovska Mitrovica Health Center.

Hemodynamic parameters — systolic and diastolic AP, heart
rate (HR), arterial oxygen saturation (Sp0,) — were monitored
in all patients. The values of these parameters were registered
using Nihon Kohden monitors.

Serum cortisol levels, glycemia and hemodynamic parameters
were measured at the following time points: before induction
on anesthesia (T1), 30 min after the surgical incisions (T2), 1
h postoperatively (T3), and 24 h after surgery (T4).

All patients were premedicated with midazolam 5 mgi.m. 30
min prior to surgery. In the general anesthesia group, for the
induction of anesthesia we used propofol (2.5 mg/kg b.w.) and
for endotracheal intubation we used succinyl-choline (1.5 mg/kg
b.w.). To maintain anesthesia, we used propofol boluses with
a 2: 1 nitrous oxide: oxygen (N,0-to-O,) ratio. Analgesia was
achieved with fentanyl (0.05 mg/kg b.w.) and muscle relax-
ation with rocuronium bromide (0.6 mg/kg b.w.). For the re-
versal of neuromuscular blockade, we used 1.5 mg prostigmin

and 0.5 mg atropine. In the spinal anesthesia group, we used
a 22-26 G spinal needle, local anesthetic (bupivacaine 15 mg
0.5%), and opioids (fentanyl 0.05 mcg).

For the analysis of primary data, descriptive statistical meth-
ods and hypothesis testing methods were used. We used the
following descriptive statistical methods: measures of central
tendency (arithmetic mean), measures of variability (standard
deviation), and relative numbers. To test hypotheses about
the difference in frequency, the chi-squared test was used.
The t-test was used for testing hypothesis about difference of
arithmetic means between the 2 groups. ANOVA for repeated
measures was used to identify differences between groups in
which the data were parametric and normally distributed. To
assess correlations between continuous variables, Pearson’s
correlation coefficients were calculated. The levels of statistical
significance were p<0.05 and 0.01. All data management and
statistical analyses were performed using SPSS Statistics 21.

Results

Demographic variables and general characteristics of the pa-
tients are shown in Table 1. Spinal anesthesia was implemented
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Figure 1. Comparison of serum cortisol levels between the
groups in the observed period. Serum cortisol levels
were significantly higher in the general anesthesia
group compared to the spinal anesthesia group
(p<0.01). In the observed time period serum cortisol
levels are statistically significantly different (p<0.01)
with a significant linear trend of decline of serum
cortisol levels (p<0.01) and a significant quadratic
trend of increase in serum cortisol levels at T2, which
in the further course of the period decreases in
value (p<0.01). Changes in serum cortisol levels are
statistically significantly different over time for both
groups (p<0.01)

significantly more in males. There was no statistically signifi-
cant difference between the spinal and the general anesthe-
sia groups regarding age, duration of surgery, ASA categories,
and type of surgery. For comorbidity and the type of surgery,
the frequency is shown by category (Table 1).

Serum cortisol levels significantly differed between the spinal
and the general anesthesia group. Intraoperatively (T2), serum
cortisol level (694.7+140.8 vs. 478.7+91.9) increases in both
groups, but significantly more in the general anesthesia group.
Serum cortisol levels in the general anesthesia group at 1 h
after surgery (T3) and 24 h postoperatively (T4) were signifi-
cantly higher than in the spinal anesthesia group (Figure 1).

Glycemia values were statistically significantly increases 30
min after surgical incision (T2) in both groups, but at T3 and
T4 glycemia decreased (Figure 2).

There was a statistically significant, positive correlation be-
tween serum cortisol levels and glycemia at all times observed.
At time T1, there was a statistically significant, weak negative
correlation between serum cortisol level and systolic AP, and
between serum cortisol level and diastolic AP. During the same
period, there was a statistically significant, positive correlation
between serum cortisol level and HR. At time T4 there was a
statistically significant, weak positive correlation between se-
rum cortisol levels and SpO, (Table 2).

Figure 2. Comparison of glycemia between groups during the
observed period. Glycemia was significantly higher in
the general anesthesia group compared to the spinal
anesthesia group (p<0.05). During the observed period
serum glucose levels differ significantly (p<0.01) with a
significant linear trend of decrease in glycemia (p<0.01)
and a significant quadratic trend of increase in serum
cortisol levels at T2, which in the further course of the
period decreased in values (p<0.01). Glycemia was
significantly lower in the spinal anesthesia group at
times T2 and T3 (both p<0.05), while the difference
was not statistically significant at the times T1 and
T4 (both p>0.05). Changes in glycemia did not differ
significantly over time for both groups (p=0.60).

Systolic and diastolic AP did not differ significantly between
the groups. In the observed period, systolic and diastolic AP
were significantly different, with a significant linear trend of
decreasing AP values, but there was no significant difference
in the fluctuations at the points of measurement, of the val-
ues for systolic and diastolic AP (Figure 3).

The HR was significantly higher in the general anesthesia group
compared to the spinal anesthesia group (p<0.01) (Figure 4).

Measurements of the parameters at T3 determined that there
was no statistically significant correlation between the duration
of surgery and serum cortisol levels or between the duration
of surgery and glycemia. Measurements of the parameters at
T4 determined that there was no statistically significant corre-
lation between the duration of surgery and serum cortisol lev-
els or between the duration of surgery and glycemia (Table 3).

There were no significant postoperative complications in any
of the groups.

Discussion

Serum cortisol levels are correlated with the intensity, dura-
tion, and type of stress that caused them; therefore, plasma
cortisol concentration is the most commonly used marker for
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Table 2. Correlation between serum cortisol level, glycemia and hemodynamic parameters.

Parameters Correlation

Glycemia

Systolic AP Diastolic AP

Cortisol p 0.000* 0.043* 0.023* 0.019* 0.396
"""""" no 750 750 750 750 750
- c o040 -0133 0077 0153
Gycemia S 0732 0254 os11 0101
"""""" no 750 750 750 750
""""""""""""""""""""""""""""""""""" ¢ os8 0214 o026  o0l18 0132
Cotisol o 0000* 0065 0051 0314 0259
"""""" n 750 750 750 750 750
[ e o112 0058 -00% o145
Gycemia o 0339 0620 079 0213
"""""" no 750 750 750 750
""""""""""""""""""""""""""""""""""" r o0se5 0052 o0l%5 026 0226
Coisol S 0000t 0659 0004 0052 0051
"""""" no 750 750 750 750 750
v r a2zt -000 o113 0175
Gycemia S 0301 0606 0335 0132
"""""" no 750 750 750 750
""""""""""""""""""""""""""""""""""" ¢ ose2 0l olls 0213 0208
Cotisol o 0000* 0279 0315 0067 0009+
"""""" no 750 750 750 750 750
o e s

r 0.101 0.145 0.067 0.200
Gycemia o 03 0214 0568 0086
"""""" no 750 750 750 750

r — Pearson correlation coefficient; n — number of patients; AP — arterial pressure; HR — heart rate; * statistical significance.

perioperative examination of stress induced by surgical trau-
ma [13].

Many studies have examined the effect of different anesthe-
sia techniques on the concentration of serum cortisol levels
[10,14]. In general, the results of previous studies have shown
that the choice of anesthesia technique affects intraoperative
stress response, and thus significantly affects the outcome and
morbidity of surgical patients and the reduction of postopera-
tive pain [14]. Attenuation of the endocrine metabolic response
may reduce the frequency of postoperative complications [15].

In our study, basal serum cortisol levels, which we measured be-
fore the start of surgery, were in the range of reference values.

Thirty minutes after surgical incision, there was a significant rise
in serum cortisol levels in both groups of patients, but signifi-
cantly higher in the general anesthesia group. Perioperative se-
rum cortisol levels in the spinal anesthesia group were signifi-
cantly lower compared to those in the general anesthesia group.
Postoperative serum cortisol levels were also significantly lower
in the spinal anesthesia group, as previously described [16,17].

This difference can be attributed to spinal anesthesia block-
ing the sensory afferent nerve impulses originating from the
surgical trauma. It is known that blocking the efferent and af-
ferent pathways of the sympathetic and somatic nervous sys-
tem inhibits activation of the neuroendocrine axis during sur-
gical procedures [6].
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Figure 3. Comparison of systolic and diastolic AP between the
groups during the observed period. Systolic AP was
significantly higher in the general anesthesia group
at times T2, T3 and T4 (p<0.05), while the difference
was not statistically significant at time T1 (p=0.303).
Diastolic AP in the general anesthesia group was
significantly lower at time T1, while at times T2 and
T3 diastolic AP is significantly higher compared to the
spinal anesthesia group (both p<0.01). The difference
in diastolic AP measurements was not statistically
significant at time T4 (p=0.246). Changes in values of
systolic and diastolic AP are statistically significant in
the observed time for both groups (p<0.01). (* p<0.01
or p<0.05).

Figure 4. Comparison of the HR and SpO, values between
groups during the observed period. During the
observed period the HR is significantly different
(p<0.01) with a significant linear trend of depreciation
of the HR (p<0.01) but there was no significant
difference in the fluctuations of the values at different
points of measurement (p=0.917). Changes in HR
do not vary significantly over time for both group
(p=0.456). SpO, values do not differ significantly
between the groups (p=0.081) or in the observed
period (p=0.475).

Table 3. Correlation between duration of surgery and serum cortisol levels and glycemia.

Time Parameters Correlation Cortisol Glycemia
0.218 0
T3 Duration of surgery 00600999 7777777777777777
""""""""""""""""""""""""""" 750 150
-« o om0
T4 Duration of surgery 00760265 7777777777777777
""""""""""""""""""""""""""" 750 150

r — Pearson Correlation Coefficient; n — number of patients.

In our study, we researched the following procedures: prosta-
tectomy, osteosynthesis, herniotomy, and thrombosaphenec-
tomy. These types of surgeries are procedures of intermedi-
ate severity and can potentially cause an increase in cortisol
secretion in response to surgical stimulation. Increased levels
of stress hormones are considered undesirable because they
lead to intraoperative and postoperative metabolic catabolism
and to hemodynamic instability. Clinical evidence has shown
that spinal anesthesia has an effect in modification of stress
response by means of modulation or inhibition of the nocicep-
tive afferent signals from the area of surgical trauma.

The changes include alterations in metabolic, hormonal, in-
flammatory, and immune systems, which can be collectively

This work is licensed under a Creative Commons
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termed the stress response. Integral to stress responses are
the effects of nociceptive afferent stimuli on systemic and pul-
monary vascular resistance, heart rate, and blood pressure,
which are a combination of efferent autonomic response and
catecholamine release via adrenal medulla [18,19]. The mag-
nitude of the response is broadly related to the site of injury
(greater in regions with visceral pain afferents, such as the ab-
domen and thorax) and extent of the trauma [20].

Buyukkocak et al. [17] conducted a comparative study in which
they compared the effects of general and spinal anesthesia on
serum cortisol levels in anorectal surgery. The results showed
that serum cortisol levels were significantly lower in the spinal
anesthesia group compared to the general anesthesia group.
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They concluded that spinal anesthesia can reduce stress re-
sponse in patients undergoing anorectal surgery.

Davis et al. [21] concluded that unilateral spinal anesthesia
more effectively suppresses the metabolic stress response in
orthopedic patients undergoing total hip arthroplasty com-
pared with general anesthesia.

In our study, we found a suppression of the hyperglycemic re-
sponse in both groups. Lower glycemia were observed in the
spinal anesthesia group at 1 h and 24 h postoperatively. There
was a statistically significant positive correlation between se-
rum cortisol levels and glycemia at all points of measurement,
which means that an increase in serum cortisol levels has a
direct impact on the increase of glycemia.

Surgery-related metabolic and endocrine derangements lead
to adverse effects, including increased oxygen consumption,
hypertension, tachycardia, arrhythmia, myocardial ischemia,
hemodynamic instability, catabolism, and impaired immune
function. These derangements have been associated with poor
postoperative course and clinical outcome [22-24].

Anesthesia is performed adequately if the AP and HR do not ex-
ceed 20% of the values before induction. In our study, hemody-
namic parameters showed that the suppression of the adrener-
gic response was adequate in both investigated groups. In the
general anesthesia group, systolic AP was significantly higher
30 min after the surgical incision, 1 h postoperatively, and 24
h after surgery, but with no substantial oscillation of the val-
ues. The diastolic AP was significantly lower in the spinal anes-
thesia group 30 min after the surgical incision and 1 h postop-
eratively, but there were no differences in their dynamics. The
values of HR were significantly higher in the general anesthe-
sia group, but without significant fluctuations at the different
points of measurement, which indicates a satisfactory depth of
anesthesia. Wolf [20] reported that the sympathetic block in-
duced by regional anesthesia resulted in a profound suppres-
sion of hemodynamic and stress response to pediatric surgery.

Changes in systolic and diastolic AP significantly differed over
time for both groups. The systolic and diastolic AP was signifi-
cantly higher in the general anesthesia group intraoperatively
and immediately postoperatively. However, we noted no sig-
nificant fluctuations in the dynamics of changes in the studied
groups. Due to the reduced sensitivity to norepinephrine in pa-
tients under stress, despite its elevated levels in plasma, there
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Spinal anesthesia showed better efficacy in suppressing cor-
tisol response as compared to the technique of general anes-
thesia. In the suppression of the hyperglycemic response, both
types of anesthesia proved equally effective, although slight-
ly lower glycemia were recorded in patients who underwent
spinal anesthesia. Hemodynamic parameters showed that
the suppression of the adrenergic response was adequate in
both groups, but hemodynamic stability was better in the spi-
nal anesthesia group.

Based on metabolic, hormonal, and hemodynamic responses,
spinal anesthesia proved more effective than general anesthe-
sia in suppressing stress response during elective procedures
in abdominal, urological, and orthopedic surgery.
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